Background 58
6 leading to freshwater and land snails. This approach aims to provide new insights into the selective 139 pressures shaping the transition from marine to freshwater and land lifestyles. 140 141
Results 142
We generated approximately 2,100,000 -3,400,000 Illumina for our six samples (five ellobiids and 143 one stylommatophoran species, Table 1 ). The quality trimming eliminated 14 -39% of short and low-144 quality fragments in our samples. De novo meta assembly with MIRA produced approximately 145 55,000 -98,000 transcripts in our samples and 54,000 -130,000 in the other additional samples 146 (Table 1) . For further analyses we used transcripts larger than 300 bp. This represented a reduction 147 of less than 1% in our samples but a higher reduction in the public data (3 -35%). The number of 148 predicted open reading frames was very similar to the number of transcripts > 300 bp in almost all 149 cases, the only exception was Radix balthica, where only 57% of the transcripts obtained an ORF 150 prediction. We obtained 9,000 -30,000 single blast hits for our data, representing 5,000 -13,000 151 single annotated genes. The percentage of annotated genes from our open reading frame data was 152 9 -14%. 153
154
We predicted 791 orthologous clusters shared among all species, of which 702 ortholog clusters 155 remained after removing spurious and poorly amino acid aligned sequences in trimAL. From this 156 dataset, MARE selected 382 informative clusters to reconstruct the phylogeny of the panpulmonate 157 species (Additional File 1). The amount of missing data corresponds to 10.94% in the complete 158 matrix, and 6.26% in the reduced matrix (Additional Files 2 and 3, respectively). 159 160 Most branches in the panpulmonate tree received high support (Figure 1 ). The clade containing 161 Stylommatophora and Systellommatophora was significantly supported (bootstrap: 94 / posterior 162 probability: 1.0) and appeared as a sister of the monophyletic Ellobioidea (99/1.0). The Acochlidia 163 clade was moderately supported (86/1.0). The association of the Acochlidia with the Ellobioidea, 164
Stylommatophora, Systellommatophora clade had no significant bootstrap support but a high 7 posterior probability (64/1.0). The Hygrophila clade was highly supported (100/1.0). The association 166 of Amphiboloidea and Pyramidelloidea was also highly supported (100/1.0). 167
168
We detected selection signatures on genes (codon-wise alignments) across the freshwater and 169 terrestrial lineages in Panpulmonata. The likelihood-ratio test (LRT) comparing the branch-site 170 model A against the null model (neutral) showed seven orthologous clusters under positive 171 selection in the land lineages and twenty-eight clusters in the freshwater lineages (Additional File 4). 172
There was no overlapping within positively selected genes from freshwater and terrestrial lineages. 173 Table 2 shows examples of these candidate genes, their annotations, biological processes, 174 molecular functions, and pathways involved. The BlastX annotations revealed candidate genes 175 involved in the actin assembly, protein folding, transport of glucose, and vesicle transport in the 176 terrestrial lineages. In the freshwater lineages, we found candidate genes associated to DNA repair, 177 metabolism of xenobiotics, mitochondrial electron transport, protein folding, proteolysis, ribosome 178 biogenesis, RNA processing and transport of lipids (Additional Files 5 and 6). We found no 179 significant enriched GO (Gene ontology) terms neither in the freshwater nor terrestrial lineages. 180
181
Candidate genes under positive selection in the terrestrial lineages were involved in the 182 carbohydrate digestion, endocytosis, focal adhesion, and the metabolism of lipids and tyrosine 183 pathways. In case of the freshwater lineages, the candidate genes were involved in several 184 metabolic pathways, for example, amino acid biosynthesis, focal adhesion, lysosome, oxidative 185 phosphorylation, and protein signaling ( and Siphonarioidea, freshwater Glacidorboidea), and additional data for terrestrial Stylommatophora 201
and Systellommatophora, will definitively illuminate the evolutionary relationships in Panpulmonata. 202
203
Our study is the first genome-wide report on the molecular basis of adaptation to non-marine 204 habitats in panpulmonate gastropods. In case of the terrestrial lineages, we found evidence that the 205 different positively selected genes are involved in a general pattern of adaptation to increased 206 energy demands. The adaptive signs found in a gene related to actin assembly (OG0001172, Table  207 2) can be related to the necessity to move (forage, hunt preys or escape from predators) in the 208 terrestrial realms. Moreover, the displacement in an environment lacking the buoyancy force to float 209 or swim requires more energy, which can be obtained by increasing the glucose uptake 210 (OG0000137) to produce energy in form of ATP. The adaptive signatures we found previously in 211 two mitochondrial genes, cob and nad5, involved in energy production in the mitochondrion, also 212 suggested a response to new metabolic requirements in the terrestrial realm, such as the increase 213 of energy demands (to move and sustain the body mass). Another gene that showed adaptive signatures was the 40S ribosomal protein S3a (OG0002708). 243
Likewise, ribosomal genes were also identified in a previous study on land-to-water transitions in 244 hexapods [11] and plants [15] . In the latter study, it was suggested that the difference in the osmotic 245 pressure from aquatic and terrestrial realms could affect the salt-sensitive ribosomal machinery, 246 triggering adaptations to tolerate new salt conditions. This could also be the case for the freshwater 247 animals (hypertonic) in comparison to the marine ones (hypotonic). 248 249 10 Finally, we found adaptive signatures in a DNA methyltransferase gene (OG0004116). This enzyme 250 is part of the DNA repair system in the cell. Specifically, it removes methyl groups from O6-251 methylguanine produced by carcinogenic agents and it has been showed that its expression is 252 regulated by the presence of ultraviolet B (UVB) radiation [29] . Positive selection on DNA repair 253 genes has been found in hexapods [11] , and in vertebrates living in high altitude environments 254 (Tibetan antelopes) [14] or in mudflats (mudskippers) [7], suggesting an important role in the 255 maintenance of the genomic integrity in response to the rise of temperature gradients or UV 256 radiation in the terrestrial realms. In case of the aquatic environments, an extensive review has 257 found an overall negative UVB effect on marine and freshwater animals [30] . However, the authors 258 did not find a significant difference of the survival among taxonomic groups or levels of exposure in 259 marine and freshwater realms, and suggested that the negative effects are highly variable among 260 organisms and depends on several factors including cloudiness, ozone concentration, seasonality, 261 topography, and behavior. Interestingly, it has been reported that survival in the freshwater snail 262
Physella acuta (Hygrophila) depends of the combination of a photoenzymatic repair system plus 263 photoprotection provided by the shell thickness and active selection of locations below the water 264 surface avoiding the sunlight [31] 265 266
Conclusions 267
We found that the positively selected genes in the terrestrial lineages were related to motility and to 268 the development of novel gas-exchange tissues; while most of the genes in freshwater lineages 269 were related to the response to abiotic stress such osmotic pressure, UV radiation and xenobiotics. 
Construction of ortholog clusters 310
Ortholog clusters shared among protein sequences of the fifteen panpulmonate species were 311 predicted using OrthoFinder [41] with default parameters. In case clusters contained more than one 312 sequence per species, only a single sequence per species with the highest average similarity was 313 selected using a homemade script. The predicted amino acid sequences from each ortholog cluster 314
were aligned using MAFFT [42] with standard parameters. Nucleotide sequences in each 315 orthogroup were aligned codon-wise using TranslatorX [43] taking into account the information from 316 the amino acid alignments. Ambiguous aligned regions from the amino acid or codon alignments 317 were removed using Gblocks [44] with standard settings. We used TrimAL [45] to remove poorly 318 aligned or incomplete sequences in each ortholog cluster, using a minimum residue overlap score 319 of 0.75. 320
321

Phylogenomic analyses 322
Phylogenetic relationships among the Panpulmonata were reconstructed based on a subset of 382 323 ortholog clusters. The subset selection was done using MARE [46] , a tool designed to find 324 informative subsets of genes and taxa within a large phylogenetic dataset of amino acid sequences. 325
The concatenated amino acid alignment length resulted in 88622 positions. Data were partitioned 326 by gene using the partition scheme suggested in PartitionFinder [47] using the -rcluster option 327 (relaxed hierarchical clustering algorithm), suitable for phylogenomic data [48] . We reconstructed an 328 unrooted tree to be used as an input for the selection analyses. Maximum likelihood analyses were 329 conducted in RAxML-HPC2 (8.0.9) [49]. We followed the "hard and slow way" suggestions indicated 330 in the manual and selected the best-likelihood tree after 1000 independent runs. Then, branch 331 support was evaluated using bootstrapping with 100 replicates, and confidence values were drawn 332 in the best-scoring tree. Bayesian inference was conducted in MrBayes v3.2.2 [50] . Four 2) for each orthologous cluster. The unrooted tree obtained using maximum likelihhod was set as 347 the guide tree. In order to avoid problems in convergence in the log-likelihood calculations, we ran 348 three replicates of model A with different initial omega values (ω = 0.5, ω = 1.0, ω = 5.0). We also 349 
Functional annotation 358
The transcripts were annotated using BlastX [56] . We blasted the nucleotide sequences against the 359 invertebrate protein sequence RefSeq database (release 73, November 2015), with an e-value cut-360 off of 10 -6 . We selected top hits with the best alignment and the lowest e-value. Gene ontology (GO) 361 terms for each BLASTx search were obtained in the Blast2GO suite [57] . Functional annotation 362 information was obtained from InterPro database [58] using the InterProScan [59]. GO terms were 363 then assigned to each orthologous group that was found under positive selection. In addition, we 364 added to this clusters the metabolic pathway information retrieved from the KAAS server [60] . This 365 server assigns orthology identifiers from the KEGG database (Kyoto Encyclopedia of Genes and 366 Genomes). Functional enrichment analysis using the Fisher exact test was also performed in 367
Blast2GO comparing the genes under positive selection against all ortholog clusters. 368
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